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ACES Characterization of NAS Delay
Shannon Zelinski
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Project Description

• Assess Airspace Concept Evaluation System (ACES)
Build 1.2

• Characterize National Airspace System (NAS) delay
by varying:

– Demand

– Capacity
• 4 month project

– 1 month – preprocessing

– 1 month – running test cases

– 2 months – post processing and analysis
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ACES

Visualization

Data
Collection

Simulation
Management

Integration/Communications 

Simulation 
Outputs

And Metrics

OS Services: file transfer/sharing, networking (TCP, UDP …)

Simulation
Federate 1

Simulation
Federate 2

Simulation
Federate N…

Simulation 
Input

Scenarios
Scalable, plug & play,
Re-configurable

Scalable, plug & play,
Re-configurable

ATCSCC              1
ARTCC             20
TRACON             10s 
Airports           100s
Aircraft      10,000s
AOC             10s

ATCSCC              1
ARTCC             20
TRACON             10s 
Airports           100s
Aircraft      10,000s
AOC             10s

AOC

ATCSCC
ARTCC

TRACON

Airport

Agents
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ACES Build 1.2

• Constraints
– No Sector Capacity Limits

– No AOC functionality
• No Canceled Flights

– No Conflict Detection and Resolution

– Low Fidelity Terminal/Surface
• No Arrival Queue

• Available Options
– Delay Maneuvers

– TRACON Departure Fix Separation



5

V
ir

tu
al

 A
ir

sp
ac

e 
M

o
d

el
in

g
 &

 S
im

u
la

ti
o

n
 -

 T
IM

 4
, 

F
eb

. 
10

-1
1,

 2
00

4 
 

ACES Inputs

Demand

– Airport Capacity

– Airport Taxi Times

– Aircraft TRACON Transition Times

– Center/Sector Boundaries

– Flight Data Set

– IFR/VFR Conditions
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ACES Inputs

Capacity

– Airport Capacity

– Airport Taxi Times

– Aircraft TRACON Transition Times

– Center/Sector Boundaries

– Flight Data Set

– IFR/VFR Conditions
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ACES Output

• Data Collection Tool
– Metrics per flight

• Takeoff Airport

• Landing Airport

• Actual times

• Scheduled times

Gate
Departure
time td

Gate
Arrival
time ta

Takeoff
time tt

Landing
time tl
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Demand

Total number of
loaded flights after
configuration

D=Demand
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Demand

• Given Flight Data Sets

– Data Set Scope
• 98 Airports
• Domestic
• Commercial passenger

– Current Demand 5/17/2002
• 16468 loaded out of 17875

– Future Demand 2022
• 33186 loaded out of 36252

– Developed additional intermediate demand data sets
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Intermediate Demand Data Set

– Filter Future Demand Data Set Maintaining Distribution Profiles
– Distribution Profile based on flight schedule

• Compute the number of flights scheduled to takeoff and land at each
airport every quarter hour.

Flight Distribution for Future Demand SFO
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Intermediate Demand Data Set



12

V
ir

tu
al

 A
ir

sp
ac

e 
M

od
el

in
g 

&
 S

im
ul

at
io

n 
- 

TI
M

 4
, F

eb
. 1

0-
11

, 2
00

4 
 

Flight Filtering Algorithm

For each Flight in the FD data set:
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Flight Filtering Results

– α = 1/6
• 25597 flights

– α = 1/3
• 20461 flights

16468 20461 25597 33186

4 fairly equally distributed demand points
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Capacity

• Airport Capacity = aircraft per quarter hour
• VFR/IFR conditions per quarter hour

NAS Capacity Measurements
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Capacity

• VFR/IFR conditions represent different
weather days
– Perfect Day – all airports VFR all day
– Bad Day – top 30 airports IFR all day
– Intermediate Days

• 7 Days from “Selection of Datasets For NAS-Wide
Simulation Validations” by Metron Aviation.

• IFR/VFR conditions from Aircraft System Performance
Metrics (ASPM) data for the top 49 airports.

• 50% = no weather
• 50% = weather affected delay
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Intermediate Capacity Days
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9 VFR/IFR Condition Days
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Delay

Scheduled

Actual
td                      tt                                           tl                             ta

tds                 tts                                       tls                         tas

dd=td-tds         dt=(tt-tts)-dd                       dl=(tl-tls)-dt-dd      da=(ta-tas)-dl-dt-dd

Total delay = ta-tas=dd+dt+dl+da

             departure delay      takeoff surface delay                   in flight delay           arrival surface delay

Gate
Departure
time td

Gate
Arrival
time ta

Takeoff
time tt

Landing
time tl
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Delay Percentage
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Percent In Flight Delay
•Departure delay percentage
increases as demand
increases and capacity
decreases.

•Takeoff Surface delay
claims the greatest
percentage.
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Corresponding Weather Days
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Distribution Comparisons

Takeoff Distribution for SFO
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Arrival Distribution for SFO

0
2
4

6
8

10
12
14
16

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97 101 105 109 113 117

Quarter Hour

R
u

n
n

in
g

 A
v

e
ra

g
e

 o
f 

F
li
g

h
ts

C D

1/3 FD

1/6 FD

FD



24

V
ir

tu
al

 A
ir

sp
ac

e 
M

o
d

el
in

g
 &

 S
im

u
la

ti
o

n
 -

 T
IM

 4
, 

F
eb

. 
10

-1
1,

 2
00

4 
 

Demand vs. Delay
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Capacity vs. Delay
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9 VFR/IFR Condition Days
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Summary and Conclusions

• Assess ACES Build 1.2
– Characterized NAS with limited build 1.2 functionality.

– Improved understanding of current ACES capabilities will
help define future requirements.

– Verified the need for sophisticated pre/post processing
tools.

• Characterize NAS-wide delay
– Quantified the delay increase trend with  increased

demand and lowered capacity.

– Quadratic Demand vs. Delay Curves

– Linear trends in Capacity vs. Delay

– Regional concentrations of airports in IFR
state requires more investigation.




